In this paper, we have made a statistical analysis of solar Hα flares that occurred during the period 1996 to 2005 to investigate their spatial distribution with respect to northern and southern hemispheres of the Sun. The analysis includes a total of 21608 single events. The study shows a significant N−S asymmetry which is persistent with the evolution of the solar cycle. The flare activity favors the northern hemisphere in general during the rising and maximum phase of the solar cycle (i.e., in 1997, 1999, and 2000), while the declining phase (i.e., from 2001 to 2005) shows a southern dominance. Further, the monthly N−S asymmetry index for flares, sunspot numbers and sunspot areas suggests similar variations for these phenomena with the progress of solar cycle. We also find that in terms of asymmetric behavior of solar flares, cycle 23 seems to act quite differently from cycle 22 but comparably to cycle 21.
Introduction
The occurrence of various features of solar activity is not symmetric considering their manifestation in the northern and southern hemispheres of the Sun. This phenomena, known as North−South (N−S) asymmetry, has been studied using several solar activity indices such as flares, sunspot numbers, sunspot areas, prominences & filaments, magnetic flux, coronal intensity, etc. by various authors (Newton & Milson 1955; Howard 1974; Roy 1977; Vizoso & Ballester 1987; Garcia 1990; Verma 1993; Ataç &Özgüç 1996; Li et al. 1998; Temmer et al. 2002; Joshi & Joshi 2004; Knaack et al. 2004; Brajša et al. 2005; Temmer et al. 2006) . These studies reveal the existence of a real N−S asymmetry that has bearing with the solar dynamo mechanism (Ossendrijver 1996) .
In this paper a detailed analysis of N−S asymmetry has been performed with solar Hα flares that occurred during solar cycle 23. The study covers almost full solar cycle 23 (1996−2005) and is an extension of our earlier analysis (Joshi & Pant 2005) . In Section 2, the pattern of flare occurrence is studied with respect to heliographic latitudes and the significance of observed N−S asymmetry is evaluated using binomial probability distribution. The study also throw light on the evolution of flare activity with the progress of solar cycle. Further, the comparison of asymmetric behavior of flare activity is made with sunspot numbers and areas which is presented in Section 3. The results of the study are discussed in the final section. Cumulative counts of flares occurring in the northern (solid line) and southern hemispheres (dashed line).
N−S Distribution and Asymmetry of Solar Flares
The data used in the present study have been collected from Hα flare lists published in the SGD (Solar Geophysical Data) from 01 May 1996 to 31 December 2005, covering 10 years of solar cycle 23. Out of 21620 flares, 21608 events are selected for the study for which complete information about the heliographic location (latitude and longitude) was available. To study the latitudinal distribution of flares with solar cycle evolution, we compute the yearly flare counts in 10 • latitudinal bands (within ±50 • latitudes, flares above 40 • latitudes being very small) in the northern and southern hemispheres from 1996 to 2005 (Table  1) . We find that the yearly flare counts in the northern and southern hemispheres show an asymmetry (column 8 of Table 1 ). To evaluate the statistical significance of observed asymmetry we have used binomial probability distribution (see Joshi & Pant 2005 and references therein). The cumulative binomial probability of getting more flares in one of the hemispheres and consequently the dominant hemisphere is also given in the table (see columns 9 and 10). In Fig. 1 , N−S asymmetry has been presented by plotting the cumulative counts of flares in the northern (solid line) and southern (dashed line) hemispheres during cycle 23. The vertical distance between solid and dashed lines is a measure of northern/southern excess up to that time. To compare the N−S asymmetry observed in flares with sunspot areas and numbers, we plot the monthly absolute asymmetry index (∆ = N N − N S ; see Ballester et al. 2005 ) for all these phenomena in Fig. 2 . Table 1 . Number of Hα flares at different latitude bands in the northern (N) and southern (S) hemispheres are tabulated for each year. The binomial probability (Prob.) and the dominant hemisphere (DH) is given for all the years as well as for all the latitudinal bands. A dash (−) specifies that the probability is not significant. Flares occurring exactly at the equator have been excluded. 
Results and Conclusions
1. We find a significant N−S asymmetry in solar flare occurrence during cycle 23 which is persistent during the course of the solar cycle. The activity dominates the northern hemisphere in general during the rising and maximum phase of the solar cycle (i.e., in 1997, 1999, and 2000) , while the declining phase (i.e., from 2001 to 2005) shows southern dominance.
2. The cumulative flare counts show a southern excess in the rising phase of the cycle (1997 to 1999), while after 1999 northern excess prevails. The northern excess first increases till mid 2001 and then decreases continuously till 2003. After 2003, we find a small but constant northern excess (cf. Fig. 1 ). In terms of asymmetric behavior of solar flares, cycle 23 seems to act quite differently from the previous cycle (i.e. cycle 22) but is comparable to cycle 21 (see Temmer et al. 2001 for N−S flare asymmetry during cycles 21 and 22). The different behavior of odd and even numbered cycles may be interpreted as the two parts of the basic 22-year solar periodicity (Švestka, 1995) . 
